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A meta generalized gradient level screened range-separated hybrid functional is developed for
solid-state electronic structure theory. Assessment of the present range-separated hybrid functional
for solid-state lattice constants and band gaps indicate that the present functional can be used
for describing those properties efficiently in meta-GGA level. Specifically, the performance of the
present functional for band gap of solids indicates that the present meta-GGA level screened hybrids
functional is quite productive beyond the GGA level. The most appealing feature of the present
formalism is that a method has been suggested which is based upon an accurate semilocal functional.
I. INTRODUCTION
The Kohn-Sham (KS) formalism of density functional
theory (DFT)1,2 is one of the most widely used and ac-
curate theoretical framework for electronic structure cal-
culations of condensed systems. In the KS formalism
the system is effectively one electron like where all the
many electron interactions are taken care by exchange-
correlation (XC) energy or potential. The effective one
electron potential in DFT, also best known as KS poten-
tial is sum of the classical coulomb or Hartree potential
(vH), the exchange-correlation potential (vxc), and the
external potential generated by the nuclei (or ion) (vext):
v
KS
(r) = vH(r) + vxc(r) + vext(r). (1)
In Eq.(1) the only unknown quantity is the vxc,
which need to be treated approximately in DFT. Vari-
ous approximations3–26,39 are proposed for last couple of
decades to treat accurately the vxc. All these approxima-
tions are recognized through the Jacob’s ladder3, where
each rung of the ladder add an extra ingredients start-
ing from local density approximations4. The generalized
gradient approximations (GGA)5–16 and meta general-
ized gradient approximations (meta-GGA)17–26 are next
two higher rung after LDA. The LDA, GGA and meta-
GGA are widely used for performing electronic structure
calculations27–37 in DFT community for their semilocal
nature. though the semilocal approximations enjoy early
success but due to lack of “many electron self interaction
(MESI)” and “non-locality”38 there are cases in which
the performance of semilocal approximations is not sat-
isfactory. The non-locality within the density functionals
approximations (DFAs) are introduced through the mix-
ing of Hartree-Fock (HF) exact-exchange either globally
(global hybrids)39–41 or in range separated scheme (range
separated hybrids)42–50. Though the global hybrid func-
tionals are very popular in quantum chemistry39–41 but
they are not so popular for condensed matter electronic
structure theory51. Beyond the global and long range
corrected hybrid functionals, the range separated hybrids
proposed using short range HF with DFAs are very pop-
ular due to their very improved performance for the solid
state systems, especially in band gaps42,43,52–77.
Designing a range separated hybrid functionals re-
quires the exchange hole. The exchange hole is proposed
using Taylor series approximations17 or density ma-
trix expansion26 or reversed engineered technique46,78–80.
The popular Heyd-Scuseria-Ernzerhof (HSE)42,43 func-
tional is designed using the reversed engineered exchange
hole of PBE functional. Beyond the GGA level screened
range separated hybrid functionals, the meta-GGA level
screened range separated hybrid functionals is also pro-
posed recently by Tao et.al.46 using by utilizing the TPSS
exchange energy functionals. Beyond the TPSS exchange
energy funcional, very recently, Tao-Mo proposed an ac-
curate semilocal functional26 for quantum chemistry and
solid state system using density matrix expansion based
semilocal exchange hole with the slowly varying fourth
order gradient approximation. Motivated by the TM
functional and its underlying construction we propose an
screened range separated hybrid functional to be used
for condensed matter systems. In designing the present
screened range separated hybrid functional we utilize
the local density approximation based exchange hole for
the short range semilocal part with the short range HF.
This is the possible conventional way to utilize the TM
functional in screened range separated hybrid functional
scheme for solid state systems bypassing its reversed en-
gineered exchange hole. Though, very recently, another
way of inclusion of exchange hole in short range semilocal
functional is proposed50, but, that scheme not perform
satisfactory way as it is found in the present work. Sur-
prisingly, the only LDA exchange hole on the top of the
TM exchange-correlation functional performs efficiently
in describing both the lattice constants and band gaps
of solids. In this paper we design a screened range sepa-
rated hybrid functional in meta-GGA level and the per-
formance of the present functional is carried out for solid
state lattice constants and band gaps using the projector-
augmented-wave method81–86 with the plane wave basis
set.
The present paper is organized as follows: In the fol-
lowing we will discuss about the generalized KS potential
to be used in the hybrid functional calculations. Fol-
lowing this we will give the formulation of the present
range separated hybrid functional using semilocal ex-
2change functional and short range HF. Next we will
briefly discuss the implementation of the developed range
separated functional and its performance for solid state
lattice constants and band gaps.
II. METHODOLOGY
The general scheme of inclusion of non-local XC po-
tential within the KS formalism is known as generalized
Kohn-Sham formalism (gKS). The gKS potential is writ-
ten as,
vxc(r, r
′) = αvHF−srx (r, r
′;µ) + (1 − α)vsl−sr,µx
+vsl−lr,µx + v
sl
c .
(2)
Alternatively, this can be written as,
vxc(r, r
′) = αvHF−srx (r, r
′;µ)−αvsl−sr,µx +vslx +vslc , (3)
where the semilocal short range (sl-sr) and semilocal
long range (sl-lr) part added into the semilocal exchange-
correlation functional which in our present case is the TM
functional. Here, the parameter α controls the amount of
HF mixs with the semilocal functional and µ is the range
separated parameter. The α = 0 value corresponds to
pure semilocal formalism.
The range-separated density functional theory is ac-
tually developed by separating the 1|r−r′| operator into
short and long-range part as,
1
|r− r′| =
Erf(µ|r − r′|)
|r− r′|︸ ︷︷ ︸
lr
+
Erfc(µ|r − r′|)
|r− r′|︸ ︷︷ ︸
sr
. (4)
Using the above seperation scheme the range separated
parameter µ of Eq.(3) is included into the exact HF ex-
change through the following equation,
vHF−srx (r, r
′;µ) = −
occ∑
i=1
φi(r)
Erfc(µ|r − r′|)
|r− r′| φ
∗
i (r
′),
(5)
where φis are single particle electronic orbitals. Ex-
cept screened HF exchange, other unknown potentials
of Eq.(3) are the screened potential (vsl−sr,µx ) and the
semilocal potential (vslx ). In meta-GGA level theory the
exchange potential is obtained not only by taking the
derivative with respect of density and gradient of density
of the exchange energy functional but also the partial
derivative of KS kinetic energy density is also required.
In gKS formalism the semilocal exchange potential is ex-
pressed as
vslx Ψi =
[∂(ρǫslx )
∂ρ
− ~∇∂(ρǫ
sl
x )
∂~∇ρ
]
Ψi − 1
2
~∇
(∂(ρǫslx )
∂τ
)
~∇Ψi
− 1
2
∂(ρǫslx )
∂τ
~∇2Ψi , (6)
where ǫslx is the exchange energy density. In our present
study ǫslx is the TM semilocal exchange energy density.
The TM exchange energy functional can be expressed as,
ETMx = −
∫
dr ρ(r)ǫunifx F
TM
x , (7)
= −
∫
dr ρ(r)ǫslx . (8)
The TM enhancement factor is given by,
FTMx = wF
DME
x + (1− w)F scx , (9)
where, FDMEx = 1/f
2 + 7R/(9f4) is the enhancement
factor derived from density matrix expansion. Here,
R = 1+595(2λ−1)2p/54−[τ−(3λ2−λ+1/2)(τ−τunif−
|∇ρ|2/(72ρ))]/τunif ), f = [1 + 10(70y/27) + βy2]1/10
(with y = (2λ − 1)2p) and the slowly varying fourth or-
der gradient expansion is given by F scx =
[
1 + 10
{(
10
81
+
50p
729
)
p+ 146
2025
q˜2−
(
73q˜
405
)[
3τw
5τ
]
(1− τwτ
)}] 1
10
. The TM func-
tional used w as the weight factor between DME based
functional form and slowly varying fourth order gradi-
ent expansion. The readers are suggested to go through
the references26,32 for the details of the derivation of the
functional form and the terms associated with the TM
functional. The interpolation factor w is the function of
meta-GGA ingredient z = τW /τ , where τW is the von
Weizsa¨cker kinetic energy density. In the slowly varying
density limit w is small therefore the fourth order density
gradient approximation dominates. Not only that the in-
terpolation factor w have different unique features which
makes the TM functionals works equally well both for
molecular and solid state systems. The semilocal poten-
tial of the TM functional can be derived from Eq.(6).
Now, only the remaining part of the potential is the
semilocal short-range part. In the present case we have
constructed the semilocal short-range from the LDA ex-
change hole. Using the LDA exchange hole the semilocal
short range part of the exchange energy functional be-
comes,
Esl−sr,µx = −
∫
dr ρ(r)ǫunifx
{
1− 8
3
A
(√
π erf(
1
2A )
+(2A− 4A3)e− 14A2 − 3A+ 4A3
)}
,
(10)
where ǫunifx =
3kf
4pi is the exchange energy per electron of
the homogeneous electron gas and A = µ
2kf
. Through A
the screening parameter includes into the semilocal short
range part. The reason we use only LDA exchange hole
in our semilocal short range part because, using it we
obtain satisfactory results for both the lattice constant
and band gaps. Other way the inclusion of exchange
hole is given in reference50. But the inclusion of full
scheme (given in reference50) into this present functional
form worsen its performance for lattice constants. There-
fore, we stick with the LDA exchange hole only. The
3TABLE I. Equilibrium lattice constant a0 (in A˚) of different solid structures using HSE06, SRSH-TM-TPSSc and SRSH-TM.
All the experimental reference values are collected from ref.32,55. The structures we consider here are A1 = face-centered cubic,
A2 = diamond, A3 = body-centered cubic, B3 = zinc blende, and B1 = rock salt. The relative deviation (in percentage) of
the individual species using each functional is also given.
Solids HSE06 % SRSH-TM-TPSSc % SRSH-TM % Expt.
C (A2) 3.548 -0.53 3.550 -0.48 3.545 -0.62 3.567
Si (A2) 5.432 0.04 5.420 -0.18 5.408 -0.40 5.430
Ge (A2) 5.676 0.42 5.653 0.02 5.636 -0.28 5.652
SiC (B3) 4.346 -0.27 4.338 -0.46 4.332 -0.59 4.358
BN (B3) 3.597 -0.28 3.603 -0.11 3.597 -0.28 3.607
BP (B3) 4.519 -0.42 4.52 -0.40 4.509 -0.64 4.538
BAs (B3) 4.770 -0.15 4.766 -0.23 4.754 -0.48 4.777
BSb (B3) 5.216 n/a 5.202 n/a 5.188 n/a n/a
AlP (B3) 5.470 0.18 5.461 0..02 5.448 -0.22 5.460
AlAs (B3) 5.676 0.32 5.659 0.02 5.646 -0.21 5.658
AlSb (B3) 6.151 0.24 6.130 -0.10 6.114 -0.36 6.136
β−GaN (B3) 4.521 -0.22 4.526 -0.11 4.516 -0.33 4.531
GaP (B3) 5.464 0.29 5.463 0.27 5.446 -0.03 5.448
GaAs (B3) 5.667 0.34 5.653 0.09 5.635 -0.23 5.648
GaSb (B3) 6.099 0.05 6.075 -0.34 6.055 -0.67 6.096
InP (B3) 5.921 0.94 5.923 0.68 5.903 0.63 5.866
InAs (B3) 6.108 0.89 6.095 0.68 6.075 0.34 6.054
InSb (B3) 6.516 0.57 6.496 0.26 6.473 -0.09 6.479
ZnS (B3) 5.419 0.18 5.436 0.50 5.412 0.05 5.409
ZnSe (B3) 5.693 0.44 5.699 0.55 5.676 0.14 5.668
ZnTe (B3) 6.135 0.75 6.129 0.65 6.099 0.16 6.089
CdS (B3) 5.880 1.06 5.924 1.82 5.893 1.29 5.818
CdSe (B3) 6.133 1.34 6.164 1.85 6.133 1.34 6.052
CdTe (B3) 6.543 0.97 6.568 1.36 6.533 0.81 6.480
MgO (B1) 4.197 -0.24 4.195 -0.28 4.187 -0.47 4.207
MgS (B3) 5.652 8.65 5.647 8.55 5.632 8.27 5.202
MgSe (B1) 5.454 1.00 5.462 1.15 5.411 0.76 5.400
MgTe (B3) 6.452 0.50 6.446 0.40 6.424 0.06 6.420
CaS (B1) 5.698 0.16 5.722 0.58 5.699 0.17 5.689
CaSe (B1) 5.938 0.37 5.966 0.84 5.939 0.38 5.916
CaTe (B1) 6.369 0.33 6.404 0.88 6.369 0.33 6.348
SrS (B1) 6.034 0.73 6.071 1.35 6.046 0.93 5.990
SrSe (B1) 6.268 0.54 6.302 1.09 6.275 0.66 6.234
SrTe (B1) 6.684 0.66 6.721 1.22 6.688 0.72 6.640
BaS (B1) 6.432 0.67 6.487 1.53 6.454 1.02 6.389
BaSe (B1) 6.656 0.92 6.707 1.70 6.673 1.18 6.595
BaTe (B1) 7.057 0.71 7.115 1.54 7.075 0.97 7.007
Ag (A1) 4.146 1.89 4.151 2.02 4.135 1.62 4.069
Al (A1) 4.020 -0.30 3.980 -1.29 3.979 -1.31 4.032
Cu (A1) 3.637 0.94 3.573 -0.83 3.573 -0.83 3.603
Pd (A1) 3.904 0.59 3.923 1.08 3.909 0.72 3.881
K (A3) 5.32 1.82 5.297 1.38 5.273 0.92 5.225
Li (A3) 3.466 -0.32 3.439 -1.09 3.440 -1.06 3.477
LiCl (B1) 5.116 0.19 5.100 -0.12 5.076 -0.59 5.106
LiF (B1) 4.015 0.12 3.973 -0.92 3.968 -1.05 4.010
NaCl (B1) 5.613 0.32 5.556 -0.70 5.540 -0.98 5.595
NaF (B1) 4.576 -0.71 4.513 -2.08 4.507 -2.21 4.609
semilocal short range potential of the present functional
form can also be obtained from Eq.(6). This completes
the semilocal exchange potential of the present range
separated functional. For the correlation we have used
one electron self-interaction free Tao-Perdew-Staroverov-
Scuseria (TPSS)22 and its modified version26 for TM ex-
change in our present study. The TPSS and TM cor-
relation gives different results for various properties of
solids32. Utilizing the present range separated functional
coupled with the TPSS and TM correlation therefore
give rise two screened range separated functional. We
named those as (i) SRSH-TM-TPSS (screened range sep-
arated hybrid which uses TM exchange plus TPSS cor-
relation) and (ii) SRSH-TM (screened range separated
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FIG. 1. Relative deviation (in percentage) in the calculated lattice constants with respect to the experimental (ZPAE-
uncorrected) values (see Table I).
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FIG. 2. Calculated versus experimental band gaps for 36
solids presented in Table - II using different functionals.
hybrid which uses TM exchange plus modified TPSS cor-
relation). We assess the performance of both the SRSH-
TM-TPSS and SRSH-TM for solid state lattice constants
and band gaps.
All the self consistence calculations of the present func-
tional is carried in the projector-augmented-wave (PAW)
environment with the plane wave basis set in Vienna Ab
initio simulation package (VASP)81–86. The PAW meth-
ods are very accurate in density functional calculations
and its performance is same as all electron calculations
used in different codes. The TM functional is recently im-
plemented37 in VASP. Present implementation of range
separate hybrid functional is based on this TM imple-
mentation.
Now we come to the discussion of the value of µ and α
for our present range separated functional. The value of
the parameter α is chosen to be 0.25. This value is rec-
ommended by recently proposed TPSS based meta-GGA
hybrid functional and also it has been used in HSE06
functional. Regarding µ parameter, in the HSE06 func-
tional the µ parameter is set to 0.11 bohr−1, yielding a
well balanced description for lattice constants and band
gaps. In the present case we also recommended µ = 0.11
bohr−1 which produce a very balanced treatment of both
the lattice constants and band gaps. The performance of
the present meta-GGA level range separated functional
is compared with widely used HSE06 functional. Unless
otherwise stated the default values µ and α values are
used in VASP recommended HSE06 calculations.
Here we have calculated the mean (relative)
error (ME/MRE), mean absolute (relative) error
(MAE/MARE) and the standard deviation of the (rel-
ative) error (STDE/STDRE) to study the accuracy of
each functionals. The definition we used here to calcu-
5TABLE II. Band gaps using different functionals calculated at the experimental lattice constants. The structure considered
here are A1 = rock salt, A2 = diamond, A3 = zinc blende. Here, the experimental geometries and band gap values are taken
from reference73 .
Solids Space Group Geometry(A˚) HSE06 % SRSH-TM-TPSSc % SRSH-TM % Expt.
MgO(A1) Fm3m 4.207 6.49 -17.11 6.84 -12.64 6.71 -14.30 7.83
BaS (A1) Fm3m 6.389 3.06 -21.13 3.16 -18.55 3.09 -20.36 3.88
BaSe (A1) Fm3m 6.595 2.76 -22.90 2.91 -18.99 2.83 -20.94 3.58
BaTe (A1) Fm3m 7.007 2.27 -26.29 2.45 -20.45 2.38 -22.72 3.08
ScN (A1) Fm3m 4.500 0.86 -4.44 1.07 18.88 1.02 13.33 0.9
AgCl (A1) Fm3m 5.546 2.43 -25.23 2.73 -16.00 2.66 -18.15 3.25
AgBr (A1) Fm3m 5.772 2.14 -21.03 2.59 -4.42 2.50 -7.74 2.71
C (A2) Fd3m 3.567 5.29 -3.81 5.45 -0.90 5.36 -2.54 5.5
Si (A2) Fd3m 5.430 1.17 0.00 1.41 20.51 1.30 11.11 1.17
Ge (A2) Fd3m 5.430 0.82 10.81 1.04 40.54 1.01 36.48 0.74
SiC (A3) F43m 4.358 2.35 -2.89 2.53 4.54 2.44 0.82 2.42
BN (A3) F43m 3.616 5.90 -7.23 6.19 -2.67 6.07 -4.55 6.36
BP (A3) F43m 4.538 2.01 -4.76 2.19 4.28 2.10 0.00 2.1
BAs (A3) F43m 4.777 1.87 28.08 1.98 35.61 1.91 30.82 1.46
AlN (A3) F43m 4.342 4.72 -3.67 4.95 1.02 4.84 -1.22 4.9
AlP (A3) F43m 5.463 2.34 -6.40 2.62 4.80 2.51 0.40 2.5
AlAs (A3) F43m 5.661 2.15 -4.03 2.40 7.62 2.29 2.69 2.23
AlSb (A3) F43m 6.136 1.81 6.50 1.99 17.75 1.90 12.42 1.69
GaN (A3) F43m 3.180 3.17 -3.35 3.18 -3.04 3.13 -4.57 3.28
GaP (A3) F43m 5.451 2.29 -2.55 2.40 2.12 2.33 -0.85 2.35
GaAs (A3) F43m 5.648 1.44 -5.26 1.88 23.68 1.83 20.39 1.52
InP (A3) F43m 5.869 1.52 7.04 1.82 28.16 1.77 24.64 1.42
InAs (A3) F43m 6.058 0.53 26.19 0.92 119.04 0.88 109.52 0.42
InSb (A3) F43m 6.479 0.53 120.83 0.99 312.50 0.96 300.00 0.24
MgTe (A3) F43m 6.420 3.38 -6.11 3.80 5.55 3.70 2.77 3.6
CuCl (A3) F43m 5.501 2.28 -32.94 2.37 -30.29 2.31 -32.05 3.4
CuBr (A3) F43m 5.820 2.08 -32.24 2.31 -24.75 2.24 -27.03 3.07
CuI (A3) F43m 6.063 2.59 -16.98 2.91 -6.73 2.83 -9.29 3.12
ZnS (A3) F43m 5.409 3.32 -13.54 3.61 -5.98 3.52 -8.33 3.84
ZnSe (A3) F43m 5.668 2.41 -14.53 2.82 0.00 2.74 -2.83 2.82
AgI (A3) F43m 6.499 2.57 -11.68 2.84 -2.40 2.78 -4.46 2.91
CdS (A3) F43m 5.818 2.19 -12.40 2.45 -2.40 2.37 -5.20 2.5
CdSe (A3) F43m 6.052 1.59 -14.05 1.96 5.94 1.89 2.16 1.85
CdTe (A3) F43m 6.480 1.55 -3.72 2.01 24.84 1.94 20.49 1.61
TABLE III. Summary statistics for the error in the calculated
lattice constants and band gaps for the set of solids presented
in Table-I and Table-II.
HSE06 SRSH-TM-TPSSc SRSH-TM
Lattice Constants
ME (A˚) 0.033 0.033 0.015
MAE (A˚) 0.039 0.052 0.042
STDE(A˚) 0.069 0.079 0.075
MRE(%) 0.582 0.536 0.207
MARE(%) 0.731 0.959 0.815
STDRE(%) 1.340 1.519 1.451
Band Gaps
ME (eV) -0.306 -0.044 -0.121
MAE (eV) 0.371 0.329 0.331
STDE (eV) 0.410 0.436 0.443
MRE(%) -4.144 14.917 11.202
MARE(%) 15.878 24.934 23.392
STDRE(%) 26.005 58.680 56.653
late those are as follows,
ME =
1
N
N∑
i=1
(Yi − yi) (11)
MAE =
1
N
N∑
i=1
|Yi − yi| (12)
MARE =
N∑
i
|Yi − yi|/|yi| (13)
STDRE =
[ N∑
i
(Yi/yi)− 1
N
(Yi/yi)
]2
, (14)
where Yi and yi are the calculated and experimental val-
ues respectively.
6III. RESULTS AND DISCUSSIONS
A. Lattice Constants
The fundamental test one should perform to check the
robustness of a given functional for solids is the equi-
librium lattice constant. Predicting the accurate equi-
librium lattice constant is paramount important in view
of the structural properties of a solid. To perform the
benchmark calculation of SRSH-TM-TPSSc and SRSH-
TM we employ the two functionals for studying 47 crys-
talline structures which includes a test set of six met-
als like Ag, Al, Cu, Pd, K, Li and 41 semiconductors.
Among the semiconductors we consider (i) 3 diamond
structures − C, Si and Ge, (ii) 23 zinc blende structures
− SiC, BN, BP, BAs, BSb, AlP, AlAs, AlSb, β−GaN,
GaP, GaAs, GaSb, InP, InAs, InSb, ZnS, ZnSe, ZnTe,
CdS, CdSe, CdTe, MgS, MgTe, (iii) 17 ionic crystals −
MgO, MgSe, CaS, CaSe, CaTe, SrS, SrSe, SrTe, BaS,
BaSe, BaTe, LiCl, LiF, NaCl, LiF, NaCl, NaF. To test
the performance and robustness of the SRSH-TM-TPSSc
and SRSH-TM we also put HSE06 into comparison. All
the hybrid functional calculations are performed starting
from the well converged wavefunction of PBE calcula-
tion. The Γ− centered Monkhorst-Pack52 like 11×11×11
k grids are used for all our calculations.
In Table-I, we have summarized the performance of
all the function under study. First we discuss the per-
formance of HSE06 functional. The HSE06 functional
is based on the semilocal PBE functional. Mixing frac-
tion of exact exchange seems to be improve the lattice
constant compared to its semilocal form as it is shown
in reference53. It is well known that HSE06 has the in-
herit tendency to overestimate lattice constants and it
can be overcome using a improved description of PBE
i.e, PBEsol and its hybrid version HSEsol54. In TABLE
III we have listed the overall statistics of HSE06 for all
the solids using HSE06 functional. Overall, using HSE06
we obtain the MAE of 0.039A˚.
Now we come to the performance of newly constructed
SRSH-TM-TPSSc and SRSH-TM. Regarding the perfor-
mance of SRSH-TM-TPSSc, due to the TPSS correlation
the lattice constants of all the crystalline structures are
overestimated in this case. This drawback can be ex-
plained from the performance of TM-TPSS as reported
in reference37. In the reference37 it is shown that MAE
of TM-TPSS is 0.045A˚. Mixing HF with TM-TPSS ac-
tually overestimates more and give the MAE of 0.045A˚.
In the present formalism of screened hybrid functional
theory using TM correlation with HF improves its over
SRSH-TM-TPSSc and gives MAE 0.042A˚ which is only
0.004A˚ and 0.003A˚ greater than its base functional TM
and hybrid HSE06 respectively. Regarding the perfor-
mance of HSE06 and semilocal TM functional both per-
form equivalently as it is shown in this paper and ref-
erence37. From Fig.(1) it is evident that in case of Ge,
AlAs, GaP, GaAs, InP, InAs, InSb, ZnS, ZnSe, ZnTe,
CdTe, MgS, MgSe, MgTe, Ag, Cu, K the SRSH-TM ac-
tually performs better than HSE06. For other cases the
performance of HSE06 is better or equivalent compared
to SRSH-TM.
B. Band Gaps
It is well known that the accurate band gap prediction
is only achievable through the hybrid functional scheme
due to the inclusion of HF exchange which actually bal-
ance the delocalization and localization problem arises
from semilocal and HF exchange. As present range sep-
arated scheme is based on the hybrid interface, there-
fore, it is always interesting to check the performance
of the present scheme for band gaps problem. Besides
the present scheme is based on the semilocal funcional
which is the second best performer after SCAN meta-
GGA in predicting the band gaps within semilocal for-
malism37. Also, it is noteworthy to mentioned that the
meta-GGA functional implemented with the framework
of gKS formalism gives more realistic band gap88. There-
fore, within meta-GGA hybrids the improvement in band
gap comes from both the semilocal formalism and mixing
of HF exchange.
Here, we choose 34 semiconductors (including insu-
lators) to assess the performance of SRSH-TM-TPSSc
and SRSH-TM along with the HSE06. We report per-
formance of all the functionals in TABLE II. Here, all
the band gaps are calculated at experimental lattice con-
stants. The experimental geometries are collected from
reference73. From TABLE II it is evident that all the
screened hybrid functionals perform better than their re-
spective semilocal form due to the inclusion of HF ex-
change. It is well known that, the HSE06 functional is
widely used functional for prediction band gap of semi-
conductor for small band gap material (upto 5 eV). For
large band gap materials HSE06 actually underestimates
the band gap. But, the performance of HSE06 quite pro-
ductive because the computational cose of HSE06 is less
than accurate many body treatment like GW or many
body perturbation theory (MBPT). Regarding the per-
formance of meta-GGA level screened range separated
hybrids SRSH-TM-TPSSc and SRSH-TM, we observed
the band gap is more enhanced than HSE06 for all the
materials. this is obvious because the meta-GGA func-
tionals are implemented in gKS scheme which produced
more realistic band gap than GGA. Here, mixing the
HF exchange with meta-GGA level semilocal function-
als actually enhance the band gap more. For the semi-
conductors for which HSE06 underestimates the band
gap slightly, inclusion of HF exchange with meta-GGA
level screened range separation scheme actually compen-
sate those. Regarding the overall comparison of SRSH-
TM-TPSSc with SRSH-TM and HSE06, the SRSH-TM-
TPSSc overestimate the band gaps of those materials for
which HSE06 and SRSH-TM quite accurate. It has been
observed for the band gap values of ScN, Si, Ge, SiC,
GaP, InP, InAs, InSb, and CdTe that HSE06 is accurate
7for those systems. SRSH-TM also gives very compara-
ble results with HSE06. But, the overestimation of band
gaps is observed using SRSH-TM-TPSSc for those mate-
rials. Overall, the SRSH-TM functional is quite produc-
tive over HSE06 for predicting the band gap of semicon-
ductor materials. It is also noteworthy to mention that,
the calculated band gap values at their experimental lat-
tice constant can also be compared with different semilo-
cal functionals which are quite good (but not always) in
predicting band gaps in semilocal level73. Interestingly,
few band gaps reported using TPSS based screened hy-
brid functionals in reference46 is also comparable with
the band gap of SRSH-TM in TABLE II.
The only drawback of present functional form is that it
overestimates the band gap for which HSE06 is exact (or
slightly overestimating). It could be avoided by using the
full reverse engineered exchange hole of TM functional.
It also noteworthy that TPSS based screened functional
also overestimates those values as shown for few specific
cases in reference46.
IV. CONCLUSIONS AND FUTURE
DIRECTION
We assess the performance of solid state lattice con-
stants and band gaps using the meta-GGA level screened
range separated hybrids SRSH-TM-TPSSc and SRSH-
TM with the PAW method. To check the robustness
of the present proposition we also compared the perfor-
mance of the present functional with HSE06 functional.
The results obtained using the SRSH-TM-TPSSc and
SRSH-TM are found to be interesting. This is first ever
test of any meta-GGA level screened range separated hy-
brid functional for both the lattice constants and band
gaps. From the prospective of lattice constants the over-
all performance of SRSH-TM is quite impressive. The
MAE of SRSH-TM differs from HSE06 and TM semilo-
cal functional only by 0.003A˚ and 0.004A˚. It has been
observed that for several cases where HSE06 has the
tendency to overestimate the lattice constants SRSH-
TM performs quite well. Regarding the performance
of SRSH-TM and SRSH-TM-TPSSc, the performance of
SRSH-TM is quite better compare to SRSH-TM-TPSSc.
The improved performance of SRSH-TM actually comes
from change is correlation. TM exchange coupled with
TM correlation performs better than TPSS correlation
for solid state lattice constants.
From the point of view of functional form it is very
simple. Only the LDA based exchange hole is used in its
short range together with HF short range exchange. It is
observed that a simple modification on the top of the TM
functional improves its performance for band gap. As
discussed earlier the band gap problem is not achievable
through the semilocal level only suitably mixing HF with
semilocal performs well for band gaps. The performer of
SRSH-TM indicates that it is a good competitor with
HSE06, especially for cases HSE06 has the tendency to
underestimate the band gaps. Though few cases SRSH-
TM overestimates the band gap more compare to HSE06.
But the overall performance of SRSH-TM is quite well.
Lastly, we want to conclude that the present SRSH
functional based on TM semilocal functional keeps all
the good properties of TM functionals which is very
accurate for predicting solid state properties in semilo-
cal level. The advantage of the present SRSH-TM (we
recommand SRSH-TM over SRSH-TM-TPSSc because
SRSH-TM performances more balanced way than SRSH-
TM-TPSSc for both the lattice constant and band gap) is
that is mixes HF which actually overcome several draw-
back that is actually not achievable in semilocal level for
TM, more precisely the band gap. Another interesting
feature of the present formalism is that it is based on
meta-GGA level theory which is very accurate than GGA
in different ways. Several electronic structural properties
can be studied using this screened meta-GGA level func-
tional. As a future direction of present SRSH functional
it is always interesting to study the dielectric dependent
performance of SRSH because it improves the screening
effects and several other properties74–77.
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